Experimental Procedures

Synthesis of Au x Ru 1-x NPs
The Au x Ru 1-x alloy NPs were prepared through a polyol reduction method. First, hydrogen tetrabromoaurate (III) hydrate (HAuBr 4 • nH 2 O, Alfa Aesar) and potassium pentachloronitrosylruthenate (II) (K 2 Ru(NO)Cl 5 , Aldrich) were dissolved into 10 ml diethylene glycol (DEG, Wako) with an appropriate molar ratio (x = 0.1, 0.3, 0.5, 0.7, 0.9. The total amount of the precursors is 0.1 mmol). Then, the metal precursor solution was slowly dropped into 100 ml ethylene glycol (EG, Wako) solution containing 444 mg poly(vinylpyrrolidone) (PVP, 444 mg, MW ≈ 40 000, Wako) at 190 °C. The temperature of the solution was maintained at approximately 190 °C during the dropping process. After that, the solution was kept at 190 °C for another 10 min. Then, the NPs were separated by centrifuging after cooling to room temperature.
Characterizations
Transmission electron microscopy (TEM) images were acquired through a Hitachi HT7700 operated at 100 kV. The high-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) images and energy-dispersive X-ray spectroscopy (EDX) spectra were obtained on a JEOL JEM-ARM200CF STEM instrument operated at 200 kV. X-ray fluorescence spectroscopy (XRF) was measured using a Rigaku ZSX Primus IV. Synchrotron Xray diffraction (XRD) patterns were measured at the BL02B2 beamline, SPring-8 at room temperature. The radiation wavelength was 0.58068(1) Å. The Rietveld refinements were performed by using TOPAS3 software developed by Bruker AXS GmbH. X-ray photoelectron spectroscopy (XPS) spectra were obtained by using a Shimadzu ESCA-3400 X-ray photoelectron spectrometer. The Au L 3 -edge and Ru K-edge X-ray absorption near edge structure (XANES) were collected in the transmission mode under ambient conditions using a Si (311) double-crystal monochromator at the BL14B2 beamline, SPring-8. The samples are finely ground in powder, mixed with a boron nitride powder in a suitable ratio and pressed into pellets for XANES measurement.
Electrochemical Measurements
Electrochemical characterization was conducted by using a standard three-electrode system. A Pt wire and an Ag/AgCl (3.5 M NaCl) electrode were used as the counter and reference electrodes, respectively. A CHI 760E electrochemical analyzer (CH Instruments) was used for recording the electrochemical data. To measure the catalytic properties, the Au x Ru 1-x solids-solution NPs were first loaded on the carbon black (VXC 72R) with a 20 wt% of metal. Here, the PVP amounts of the Au x Ru 1-x (x = 0, 0.1, 0.3, 0.5, 0.7, 0.9, and 1.0) NPs were determined from the elemental analysis to be 14.5 wt%, 13.7 wt%, 7.2 wt%, 5.7 wt%, 7.9 wt%, 8.5 wt% and 17.3 wt%, respectively. Then, 10 mg catalysts were added to 1 ml mixed solution (300 l water, 600 l isopropanol and 100 l Nafion solution (Sigma Aldrich, 5 wt%)) followed by sonication for 60 min to form a homogeneous ink. The catalyst inks were uniformly cast onto a glassy carbon electrode (5 mm-diameter with a surface area of 0.196 cm 2 ) with a 0.2 mg cm -2 loading for all samples, which was used as a working electrode. All the electrodes were purchased from ALS Co., Ltd. The working electrode surface was polished with 1 M diamond and 0.05 M alumina solutions (ALS Co., Ltd.) before loading the catalysts. Before OER catalytic activity testing, the H 2 SO 4 solutions were purged by Ar for 30 min. Ar was kept flowing above the solution to maintain an inert atmosphere during the measurement. The OER polarization curves were recorded over the potential range +0.95 to +1.5 V (vs. Ag/AgCl) at a scan rate of 5 mV / s. The working electrode was continuously rotating at 1600 rpm during the measurements.
Chronopotentiometric measurements for Au 0.3 Ru 0.7 and Ru were carried out under a constant current density of 2.5 mA / cm 2 for 1 h. For all measurements, the current density was iRcorrected using the measured solution resistance. The current density was finally normalized by the surface area of the working electrode. The * represents active site on the metal surface.
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